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ABSTRACT 





Chitin is a most commonly occurring natural polysaccharide, which is processed by industries into various active 
compounds of biological importance. The best suitable method is deacetylation, which produces chitosan from chitin. 
In recent biodiversity and natural conservation approaches, waste water treatment is one important aspect of 
renewable natural resources, in which the separation of colloids from waste water is processed through coagulation- 
flocculation processes. There were several recent methods have been reported in separating squid gladius chitin and 
found that deacetylation process is the most economical and viable process in chitosan extraction from chitin. The 
potency of chitosan as anti-pollution activity has been tested using bromophenol blue in various laboratory conditions. 
In the present study, we report using 0.01% bromophenol blue as anti-pollutant agent. It was demonstrated that 


chitosan as a suitable candidate for cleaning water in waste water treatment plants. 
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INTRODUCTION 


The most common and naturally available resource for Chitin is a natural polymer, initially described by by 
French Professor, Henrni Braconnot, in 1811. Chitin was reported as the liberally available biopolymer after 
cellulose with an annual production of 10!° to 10!! tons!. Considering the biological and economical importance it 
was reported that chitin is having similiarity to another polysaccharide compound namely cellulose and chitin 
itself is described as an derivative of cellulose in which structural modifications were made using C2 hydroxyl 
groups, which is known to be changed with acetamido residues!. The physical-chemical property of chitin is 
described as microfibril crystals, which forms the basis in structural organization of many living organisms. It is 
generally described that Chitin is a substance for spatial and bioactivity in several organisms to withstand natural 


forces or as a protection in predatory surroundings. 


Increasingly chitin is found valuable importance in commercial applications with industrial product value 
which are used as a soluble derivative in industrial biotechnology, cosmetics, animal husbandry, nutraceuticals, 
textile industries, agriculture, food industries, paper manufacture etc. Recently the commercial value of chitin has 
been exploited worldwide considering its low cost availability in natural sources. In several organisms, chitin is 
present as ubiquitous polymers in cell walls of algae, fungi and in insect cuticles, shells of crustaceans and 
molluscan shells. In animal kingdom, several sources were described for chitin and mostly in lower plants and 
invertebrates. In fungi, it was described as a well-known manor component in shells and exoskeletons of 
crustacean and insects. Being a major polymer in several organisms and by weight chitin is reported as 


approximately 75% of total living component in arthropods and others. It is reported that nearly 10,000 tons of 
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shellfish waste are available every year, that supports the production of raw material for making chitin. The structural 
component or skeletal component of chitin includes amino sugars, comprising of two monomeric units namely N- 


acetylglucosamine and glucosamine. 


The structural configuration of chitin consist of linear unbranched chains of B-(1—4) linked 2-acetamido-2- 
deoxy-D-glucose (N-acetyl-D-glucosamine) residues of polysaccharides (Figure 1). The quantity of carbohydrate polymer 
(glucosamine) present in low in quantity in chitin and which is reported less soluble in solvents and water*4. The B-1,4- 
linkage between the monomeric units constitute a straight chain structure, reliable and hard structured into chitin. The 
commonly found and distributed hydroxyl groups and amino groups of the repeated monomers consists of inter and intra 
molecular hydrogen bonds which form straight association of repeated monomers in congregation with elaborate and 
intertwinned crystallinity22. The physic chemical mass (in molecular weight) of chitin can be as high as 10° Da and the 
spatial configuration of chitin is shown in Figure 1. In naturally occurring environmental resources, chitin is diversified in 
different polymeric forms namely a, B and y with various physic-chemical properties**. The different structural 
configuration of chitin exhibit in their arrangement of the polymeric chain (Figure 2). In a-chitin, the polymeric units are 
present in anti-parallel to each other, in B-chitin, they are present parallel to each other and in y-chitin the polymeric chains 


are present uneven in which two parallel chains and one anti-parallel chain develops into polymeric structure. 


In natural resources of chitin, crustaceans such as crabs and shrimp largely contain a-chitin, whereas squids 
constitute B-chitin and y-chitin is from loligo**. The degree of modification by deacetylation of chitin and molecular size 
and weight of chitin is dependent on methods of preparation and based on the chitin source material obtained. The 
variability and the extent of deacetylation can be specified as the molar fraction of chemical reaction of monomer units 
existing in higher order structure of chitin polymers and their natural resources.*4. The chemical isolation method by 
deacetylation makes the chitin product as chitin or chitosan. Such physico-chemical analysis classifies chitin if DDA is less 
than 50% and the product is termed chitosan if the DDA is greater than 50%*5. Therefore deacytlation process is the crucial 
physico-chemical facto which leads to the final product of chitin properties viz. solubility, flexibility, polymer 


conformation and viscosity2®. 





Figure 1: Chemical structure of Chitin 


Impact Factor (JCC): 6.6584 NAAS Rating: 3.80 


Review on Assessing Methods in Chitosan Based Polysaccharide Compounds Preparations and their Derivative Activities 7 


MI I 


a-chitin p-chitin y-chitin 





Figure 2: Schematic representation of three different Polymeric Configurations (a, B and y) of chitin 


In conventional methods of chitin extraction, chemical treatment of crustacean exoskeletons constitutes mixer of 
processes by which proteins are degraded, demineralized and bleaching of the material. Proteolytic degradation is carried 
out by treating chitin materials with alkaline sodium hydroxide solution potassium hydroxide*4, Demineralisation is usually 
done by taking fresh exoskeleton or molluscan shells and treating by lower the pH with hydrochloric acid, Nitric acid and 
suluphuric acids at a high temperature of 90-100°C8. Finally, bleaching is done for decolorisation to get colourless chitin. 
As a substitute method, it is also separation using a few biological methods by proteolytic degratdation using proteases 


obtained from various microbial sources by replacing methods using alkaline solutions. 


The most commonly used methods using biological degradation of chitin resources from natural sources include 
using proteolytic enzymes and using probiotic microorganisms obtained from natural sources. The earlier method of 
extraction using microbial proteases was previously reported as the most effective technique than the isolating chitin by 
chemical methods*”. In chitin extraction methods using biological processe, both removal of minerals by demineralization 
and proteolytic degration occur simultaneously. Another classical method of crustacean family shell waste chitin 
production include fermentation technology using shell wastes of shrimp (Penaeus monodon). In a few other methods, 
lactic acid bacteria were used to recover chitin by including carbohydrates as a natural energy source*!. In figure 3, the 


method applied using enzymatic technology in isolating chitin is schematically represented. 
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Figure 3: A schematic representation of the chemical and biological (enzymatic) methods for Chitin Extraction 


The various applications of chitin is largely depended on physico-chemical properties such as solubility, porosity, 
and surface area*!“5. In order to avoid the problems associated with chitin extraction and problems or improper chitin 
treatment could result in various byproducts or chitin derivatives. As it is well described by several authors, the major 
utility of chitin is dependent on chitosan preparation. The physico-chemical method plays an important parameter in 
chitosan production in industries, alkaline hydroxide processing of chitin is performed at 100 °C. The amount of alkaline 
component (NaoH) concentration and influence of thermal conditions in chemical processing are known to influence the 
production yield of chitosan from natural resources. The solubility of the chitosan products can be determined using DDA 


content, the final product of chitosan may be soluble in water or mild acidic solution. 
Water Treatment 


The most valuable application chitosan is in waste water treatment plants such as textiles, leather, paper, and plastics, 
contain several kinds of synthetic dyestuffs. A minute quantity of dye in water is more clearly seen and can be deleterious 
to organisms in water and toxic to humans. Therefore, separating the dye component from chitosan from waste water 
effluent systems are identified as fundamental importance to the natural habitat. The reported adsorption characteristics of 
chitin and its derivative are highly promising and useful as decontaminating agents and depletion of harmful materials and 
dyes!'. Prado et al., 2004 analysed the comparison of chitosan adsorption properties of indigo carmine dye and chitosan. 
Their findings described adsorbtion of chitosan than chitin due to the existence of alkaline nitrogen centers in chitosan and 
indigo carmine dye '*. Dolphen et al., (2007) compared the adsorption properties of chitin derivatives and chitin modified 
with sodium hypochlorite solution in Reactive Red 141 from wastewater. The hydroxyl group of the modified chitin was 
converted into CH2OCI which failed to react with the dye solution. Hence, dye adsorption by modified chitin characterized 
mainly by physical adsorption and adsorption capacity, which was higher than that of chitin’?. A few other investigators 


reported chitin was converted into pure chitin hydrogel (CG3), which produced very good mechanical properties and 
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biological compatibility, for wastewater treatment. CG3 exhibited microporous structure, large surface area and affinity on 


malachite green, leading to the high uptake capacity of dye!?. 
Methods in Chitin extractions from crustaceans and evaluation of antipollution activity. 


Various crustaceans and arthropods have found importance in evaluating antipollution activities. Cephalopods constitute 
one such major source in evaluation procedures and as described in earlier methods demineralization and proteolytic 
degradation play important steps in preparing chitin derivatives and testing anti-pollution activities. Initial steps in such 
methods including washing the gladius and preparing the dried material in a hot air oven for 6 hours then wash it again in 
the flowing water after that dry the sample in a hot air oven for 12 hrs. After that pulverise the gladius using a pestle and 


mortar. The next step is to prepare the powder samples which is treated with acids such as HCI for one day, in order to get 


rid of the protein content. Later the materials are subjected to alkaline treatment with IN NaOH at 80°C for 24 hours to 


remove protein. The finally separated chitin derivative component as chitosan was processed through deacetylation process 


in 40% aqueous NaOH by heating under reflux for 6 hours at 110°C and was cooled at room temperature. Then the 
precipitate was observed which was washed with appropriate buffered solution and kept at room temperature for 12 hours 
with stirring in 10% acetic acid solution. The pH was adjusted to 10 with 40% NaOH solution. The solution was dialyzed 
against deionized water for 24 hours. The product was centrifuged at 10,000rpm for ten minutes and lyophilized to give 


chitosan. 


Evaluation of anti-pollution activity is carried out using powdered form well grounded until fine powder obtained. 
Next study to find the adsorption of the bromophenol blue on top of powder surface was determined by observing the 
absorbance of Bromophenol blue dissolved in water at 590 nm. Such reaction mixture was kept in light protected area to 
allow adsorption of bromopenol blue on powder surfaces. Later on, various dosage of sample was used to check the 
adsorption of Bromophenol blue and samples of 1 mL were extracted after lhr, the powders were separated from the liquid 
using centrifugation, and, then, readings were taken using a Cary-60 UV-Vis spectrophotometer at 590nm to assess the 


absorbance spectrum of the sample tested. 


Table 4: Table of different Concentration of chitosan in mg, Spectrophotometer abs and % of adsorption 























Concentration (mg) | Spectrophotometer abs | % of adsorption 
control 0.498 0 
100 0.015 96.98795 
200 0.026 94.77912 
300 0.048 90.36145 
400 0.03 93.9759 
500 0.104 79.11647 
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Figure 5: Exponential graph of % of adsorption of bromophenol blue over 
the surface of chitosan at different concentration 


Our study reported a review of methods in extraction of chitosan and chitin derivatives based on the previous 
literature information. The most commonly used and most effective way of treatment in such a procedure is deacetylation 
process. The major utility of such product application is well exploited in evaluating the chitosan for anti-pollution activity 
at various dosages. As it is reported that 10ml Bromophenol blue (0.001%) in each test is found best suited to test as 
chemical pollutant. Based on a previous literature report, it was found at 590nm, abs readings were taken and an 
exponential graph was plotted, percentage of adsorption was recorded reduced as concentration increased (Figure 4 &5). 
Based on these findings it could be concluded that chitosan can be found suitable naturally occurring resourceful material 
for water cleaning with minimal concentration range. In the future, chitosan will be tested for antipollution activity at a 


lower concentration to find out the optimal concentration for water treatment. 
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